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The paper shows that a comparison of the appropriately-weighted
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with the net effect of the increased supply of the public good on
shadow, as distinct from actual, government revenue is a
generally valid rule for public good provision. This rule does not
depend on any assumption that existing policy is optimal. The
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Wkh dssursuldwh frvw0ehqh￿w uxoh iru ghwhuplqlqj zkhwkhu d pdujlqdo lqfuhdvh lq sxeolf jrrg
surylvlrq lv ghvludeoh lq dq hfrqrp| xvlqj glvwruwlrqdu| wd{dwlrq lv wkh vxemhfw ri d vxevwdqwldo
olwhudwxuh +vhh/ dprqj rwkhuv/ Gldprqg dqg Pluuohhv 4<:4/ Vwljolw} dqg Gdvjxswd 4<:4/ Dwnlqvrq
dqg Vwhuq 4<:7/ Zlogdvlq 4<;7/ Nlqj 4<;9/ Zlovrq 4<<4/ Edoodug dqg Ixoohuwrq 4<<5/ dqg Vdqgpr
4<<;,1 Pxfk ri wklv olwhudwxuh irfxvhv rq wkh pdujlqdo frvw ri sxeolf ixqgv +PFI,/ zklfk lv gh￿qhg
dv wkh pxowlsolhu wr eh dssolhg wr wkh qhw jryhuqphqw uhyhqxh uhtxluhg wr ￿qdqfh wkh dgglwlrqdo
surylvlrq ri d sxeolf jrrg lq rughu wr fdofxodwh lwv wuxh pdujlqdo vrfldo frvw1 Sljrx +4<7:, vxjjhvwhg
wkdw wkh PFI zrxog qhfhvvdulo| eh juhdwhu wkdq rqh zkhq uhyhqxh zdv udlvhg e| glvwruwlrqdu|
wd{dwlrq/ exw lw zdv vxevhtxhqwo| uhfrjqlvhg wkdw wklv lqwxlwlrq lv qrw jhqhudoo| fruuhfw1 Hyhq zkhq
wkh glvwulexwlrq ri zhoiduh dprqj krxvhkrogv lv qrw dq lvvxh/ dqg wkh uhyhqxh uhtxluhg wr ￿qdqfh
wkh dgglwlrqdo sxeolf jrrg surylvlrq frphv iurp lqfuhdvhv lq glvwruwlrqdu| wd{hv/ lw lv srvvleoh iru
lqfrph h￿hfwv rq wd{hg frqvxpswlrq jrrgv wr fdxvh wkh PFI wr eh ohvv wkdq rqh/ dv Dwnlqvrq dqg
Vwhuq +4<:7, vkrzhg1 Zkhq wkh glvwulexwlrq ri krxvhkrog zhoiduh pdwwhuv/ dqg uhglvwulexwlrq wdnhv
sodfh wkurxjk d olqhdu lqfrph wd{ zklfk kdv erwk glvwruwlrqdu| dqg qrq0glvwruwlrqdu| hohphqwv
+wkh srvlwlyh pdujlqdo lqfrph wd{ udwh dqg wkh xqlirup oxps0vxp wudqvihu uhvshfwlyho|,/ lw lv dovr
srvvleoh iru wkh PFI wr eh ohvv wkdq rqh/ dv Vdqgpr +4<<;, vkrzhg1
Ehfdxvh wkh PFI fdq wkhuhiruh eh juhdwhu wkdq/ htxdo wr/ ru ohvv wkdq rqh/ lw lv zhoo xqghu0
vwrrg wkdw fduh lv uhtxluhg lq frpsxwlqj wkh pdujlqdo vrfldo frvw ri sxeolf jrrg surylvlrq zlwk
glvwruwlrqdu| wd{dwlrq1 Krzhyhu/ prvw ri wkh h{lvwlqj olwhudwxuh dffhswv wkdw wklv frvw lv fruuhfwo|
phdvxuhg e| pxowlso|lqj wkh dfwxdo uhyhqxh uhtxluhg +qhw ri dq| lqgxfhg h￿hfwv fdxvhg e| fkdqjhv
lq wkh ghpdqgv iru wd{hg jrrgv uhvxowlqj iurp wkh dgglwlrqdo sxeolf jrrg surylvlrq, e| wkh PFI1
Lq wklv sdshu L dujxh wkdw wklv phdvxuh ri wkh pdujlqdo vrfldo frvw ri sxeolf jrrg surylvlrq lv
fruuhfw rqo| lq vshfldo fdvhv1 Dv Guº}h dqg Vwhuq +4<<3, vkrzhg/ wr h{suhvv wkh pdujlqdo vrfldo
frvw ri d sxeolf surmhfw lq whupv ri uhyhqxh/ lw lv lq jhqhudo qhfhvvdu| wr hydoxdwh wkh qhw h￿hfw ri
4vxfk d surmhfw rq vkdgrz/ udwkhu wkdq dfwxdo/ jryhuqphqw uhyhqxh1 Wklv srlqw kdv lpsolfdwlrqv
zklfk gr qrw dsshdu wr eh zlgho| dssuhfldwhg lq wkh frqwh{w ri frvw0ehqh￿w uxohv iru sxeolf jrrg
surylvlrq1 Wkh pdujlqdo vrfldo frvw ri sxeolf jrrg surylvlrq lv fruuhfwo| phdvxuhg lq wkh jhqhudo
fdvh e| wkh qhw h￿hfw ri vxfk surylvlrq rq vkdgrz jryhuqphqw uhyhqxh1 Wkh pdujlqdo vrfldo frvw
vr gh￿qhg fdq eh frpsduhg gluhfwo| zlwk wkh pdujlqdo vrfldo ehqh￿w ri wkh sxeolf jrrg +jlyhq e|
dq dssursuldwho|0zhljkwhg vxp ri krxvhkrogv* pdujlqdo zloolqjqhvv wr sd|, lq rughu wr ghwhuplqh
zkhwkhu dgglwlrqdo surylvlrq lv mxvwl￿hg/ dqg wkxv wkhuh lv qr qhhg wr xvh wkh frqfhsw ri wkh PFI
wr pdnh ghflvlrqv derxw sxeolf jrrg surylvlrq zlwk glvwruwlrqdu| wd{dwlrq1 Wkdw lv/ lq irupxodwlqj
frvw0ehqh￿w uxohv iru sxeolf jrrg surylvlrq zlwk glvwruwlrqdu| wd{dwlrq/ lw lv qhfhvvdu| wr wdnh rq
erdug Guº}h dqg Vwhuq*v jhqhudo srlqw wkdw wkhuh lv qr qhhg lq frvw0ehqh￿w dqdo|vlv iru d vhsdudwh
frqfhsw ri wkh vkdgrz sulfh ri jryhuqphqw uhyhqxh1
Vhfwlrq 5 ri wkh sdshu vhwv rxw d prgho iru dqdo|vlqj wkh dssursuldwh frvw0ehqh￿w uxoh iru sxeolf
jrrg surylvlrq/ zklfk lv d vlpsol￿hg yhuvlrq ri wkdw lq Guº}h dqg Vwhuq +4<<3,1 Vhfwlrq 6 vkrzv
wkdw d jhqhudoo| ydolg uxoh iru sxeolf jrrg surylvlrq lqyroyhv d frpsdulvrq ri wkh pdujlqdo vrfldo
ehqh￿w ri wkh sxeolf jrrg zlwk wkh ryhudoo h￿hfw ri lwv surylvlrq rq vkdgrz jryhuqphqw uhyhqxh1
Vhfwlrq 7 vkrzv wkdw/ lq vshfldo fdvhv/ wklv jhqhudo uxoh lv htxlydohqw wr d uxoh iru sxeolf jrrg
surylvlrq lq zklfk wkh pdujlqdo vrfldo frvw ri d sxeolf jrrg lv jlyhq e| lwv qhw h￿hfw rq dfwxdo
jryhuqphqw uhyhqxh pxowlsolhg e| wkh PFI1 Vhfwlrq 8 vkrzv wkdw/ li wkh hfrqrp| wudghv jrrgv
dw jlyhq zruog sulfhv/ wkhuh duh flufxpvwdqfhv lq zklfk wkh qhw h￿hfw ri sxeolf jrrg surylvlrq
lv fruuhfwo| phdvxuhg e| h￿hfwv rq dfwxdo jryhuqphqw uhyhqxh/ zlwkrxw dq| dgmxvwphqw e| wkh
PFI1 Surylghg wkdw wkh dgglwlrqdo sxeolf jrrg vxsso| grhv qrw d￿hfw ghpdqgv iru qrq0wudghg
jrrgv/ wklv phdqv wkdw d phdvxuh ri wkh pdujlqdo vrfldo frvw ri wkh sxeolf jrrg h{lvwv zklfk lv
vwudljkwiruzdug wr lpsohphqw dqg grhv qrw uhtxluh dq| dvvxpswlrq wkdw srolf| kdv ehhq rswlplvhg1
Lq jhqhudo/ krzhyhu/ ghpdqgv iru qrq0wudghg jrrgv zloo eh d￿hfwhg e| wkh ohyho ri sxeolf jrrg
surylvlrq/ dqg wklv frpsolfdwhv wkh phdvxuhphqw ri wkh pdujlqdo vrfldo frvw ri wkh sxeolf jrrg/
5dv grhv wkh srvvlelolw| wkdw vrph jrrgv duh qrw wudghg dw jlyhq zruog sulfhv1 L dujxh wkdw wkh
hydoxdwlrq ri wkh qhw h￿hfw ri sxeolf jrrg surylvlrq rq wkh vkdgrz uhyhqxh udlvhg iurp qrq0wudghg
jrrgv dqg jrrgv qrw wudghg dw jlyhq zruog sulfhv lv d pruh vljql￿fdqw sudfwlfdo sureohp wkdq
hvwlpdwlqj wkh PFI zkhq phdvxulqj wkh pdujlqdo vrfldo frvw ri d sxeolf jrrg lq hfrqrplhv xvlqj
glvwruwlrqdu| wd{dwlrq1 Wkhuh lv d eulhi frqfoxvlrq wr wkh sdshu lq vhfwlrq 91
5 Wkh prgho
Wkh prgho xvhg lq wklv sdshu lv d vlpsol￿hg yhuvlrq ri wkdw lq Guº}h dqg Vwhuq +4<<3,1 Wkhuh duh
Q sulydwh jrrgv/ zklfk duh hlwkhu qrq0wudghg ru wudghg dw jlyhq zruog sulfhv/ dqg d vlqjoh sxuh
sxeolf jrrg J1 Wkh yhfwru ri zruog sulfhv iru wudghg jrrgv/ lq iruhljq h{fkdqjh/ lv sz= wklv yhfwru
kdv }hur frpsrqhqwv fruuhvsrqglqj wr wkh qrq0wudghg jrrgv1 Wkh yhfwru ri qhw lpsruwv lv q=
srvlwlyh frpsrqhqwv fruuhvsrqg wr lpsruwhg jrrgv/ qhjdwlyh frpsrqhqwv wr h{sruwhg jrrgv/ dqg
frpsrqhqwv fruuhvsrqglqj wr qrq0wudghg jrrgv duh lghqwlfdoo| }hur1 Sulydwh surgxfwlrq lv fduulhg
rxw e| d vlqjoh frpshwlwlyh ￿up zklfk wudghv dw surgxfhu sulfhv s dqg kdv d vwulfwo| frqyh{
surgxfwlrq vhw1 Wkh sulydwh ￿up*v sur￿w ixqfwlrq lv ￿+s, dqg lwv +yhfwru0ydoxhg, qhw vxsso|
ixqfwlrq lv |+s,1 Jrrgv zklfk wkh ￿up surgxfhv dv rxwsxwv dsshdu dv srvlwlyh frpsrqhqwv ri
lwv qhw vxsso| yhfwru/ zkloh wkrvh xvhg dv lqsxwv duh qhjdwlyh frpsrqhqwv ri wklv yhfwru1 Wkh
yhfwru ri sxeolf vhfwru qhw vxsso| ri sulydwh jrrgv lv }/ srvlwlyh dqg qhjdwlyh frpsrqhqwv ri zklfk
fruuhvsrqg uhvshfwlyho| wr rxwsxwv dqg lqsxwv1 Wkh sxuh sxeolf jrrg lv surgxfhg e| wkh sxeolf
vhfwru xvlqj sulydwh jrrgv dv lqsxwv1
Wkhuh duh K krxvhkrogv/ hdfk ri zklfk wudghv dw frqvxphu sulfhv t dqg kdv oxps0vxp lqfrph
pk @+ 4￿￿, ￿
k￿ + s ,.e/ zkhuh ￿ ghqrwhv wkh wd{ udwh rq wkh sulydwh ￿up*v sur￿wv/ ￿
k ghqrwhv wkh
vkduh ri krxvhkrog k lq wkh ￿up*v sur￿wv/ dqg e ghqrwhv d xqlirup wudqvihu sdlg wr hdfk krxvhkrog
e| wkh wd{ dxwkrulw|1 Hdfk krxvhkrog fkrrvhv d xwlolw|0pd{lplvlqj yhfwru ri qhw ghpdqgv iru
6sulydwh jrrgv vxemhfw wr lwv exgjhw frqvwudlqw dqg wkh jlyhq txdqwlw| ri wkh sxeolf jrrg1 Wkh
uhvxowlqj +yhfwru0ydoxhg, qhw ghpdqg ixqfwlrqv duh {k+t>p k>J,= srvlwlyh frpsrqhqwv ri wkhvh
yhfwruv fruuhvsrqg wr jrrgv ghpdqghg/ dqg qhjdwlyh frpsrqhqwv wr jrrgv vxssolhg1 Krxvhkrog
suhihuhqfhv duh uhsuhvhqwhg e| wkh lqgluhfw xwlolw| ixqfwlrqv yk+t>p k>J,1 Wkh djjuhjdwh qhw
ghpdqg ixqfwlrq lv {+t>p 4>===>pK>J,@
S K
4 { k+ t >p k>J,1
Wkh yhfwru ri lqgluhfw wd{hv rq qhw ghpdqgv lv w14 Wkh vljq ri wkh surgxfw wl{l vkrzv zkhwkhu
wkhuh lv d wd{ ru d vxevlg| rq wkh qhw ghpdqg iru d sduwlfxodu jrrg/ vr wkdw d wd{ lv lqglfdwhg e|
wl A 3 li {l A 3/d q ge |w l?3li {l ? 31 Wkh yhfwru ri wudgh wd{hv rq qhw lpsruwv lv i1 Wklv yhfwru
kdv }hur frpsrqhqwv fruuhvsrqglqj wr qrq0wudghg jrrgv/ dqg wkhuh duh vlplodu vljq frqyhqwlrqv
wr wkrvh iru lqgluhfw wd{hv/ vr wkdw il A 3 fruuhvsrqgv wr d wdul￿ iru d jrrg zklfk lv lpsruwhg/ dqg
wr dq h{sruw vxevlg| iru d jrrg zklfk lv h{sruwhg1 Khqfh wkh frqvxphu sulfh ri d wudghg jrrg lv
tl @ hsz
l . il . wl dqg wkh surgxfhu sulfh ri vxfk d jrrg lv sl @ hsz
l . il/ zkhuh h lv wkh pdunhw
h{fkdqjh udwh/ l1h1 wkh grphvwlf fxuuhqf| sulfh ri d xqlw ri iruhljq h{fkdqjh1 Iru d qrq0wudghg
jrrg/ wkh uhodwlrqvkls ehwzhhq frqvxphu dqg surgxfhu sulfhv lv jlyhq e| tl @ sl . wl1
Wkh hfrqrp| kdv d jlyhq hqgrzphqw ri iruhljq h{fkdqjh/ I/ zklfk lv rzqhg e| wkh jryhuq0
phqw15 Dq htxloleulxp lq wklv hfrqrp| uhtxluhv wkdw jrrgv pdunhwv fohdu dqg wkh edodqfh ri
sd|phqwv edodqfhv=
{+t>p 4>===>pK>J,@| + s ,.}.q +4,
sz=q @ I +5,
Dvvxplqj +zlwkrxw orvv ri jhqhudolw|, wkdw wkh sxeolf vhfwru wudghv dw surgxfhu sulfhv/ wkh jry0
huqphqw exgjhw frqvwudlqw fdq eh zulwwhq dv=
w={ . i=q . s=} . ￿￿￿
K [
k@4
e . hI @3 +6,
4 Qrwh wkdw olqhdu wd{hv rq jrrgv vxssolhg e| krxvhkrogv duh lqfoxghg lq |1
5 Wkh hqgrzphqw ri iruhljq h{fkdqjh sod|v qr hvvhqwldo uroh lq wkh dqdo|vlv/ dqg lwv ydoxh fdq eh vhw htxdo wr
}hur li ghvluhg1
7Lw lv vwudljkwiruzdug wr vkrz/ xvlqj wkh exgjhw frqvwudlqw ri krxvhkrogv lq wkh djjuhjdwh/ wkdw wkh
htxloleulxp frqglwlrqv +4, dqg +5, lpso| wkdw wkh jryhuqphqw exgjhw frqvwudlqw +6, lv vdwlv￿hg1
Sxeolf srolf| lq wklv hfrqrp| lv lpsohphqwhg e| d sodqqhu zkr fkrrvhv vrph frqwuro yduldeohv
wr pd{lplvh d Ehujvrq0Vdpxhovrq vrfldo zhoiduh ixqfwlrq Z+===>yk+t>p k>J,>===, vxemhfw wr wkh
frqvwudlqwv jlyhq e| wkh htxloleulxp frqglwlrqv +4, dqg +5,1 Vlqfh wkhuh duh Q .4frqvwudlqwv/ wkh
sodqqhu uhtxluhv dw ohdvw Q .4frqwuro yduldeohv wr vroyh wklv sureohp1 Lq wkh fdvh zkhuh wkhuh duh
rqo| Q .4frqwuro yduldeohv/ wkh sodqqhu kdv qr ghjuhhv ri iuhhgrp lq srolf| fkrlfh= wkh ydoxhv
ri wkh frqwuro yduldeohv duh cixoo| ghwhuplqhg* +lq Guº}h dqg Vwhuq*v skudvh, e| wkh htxloleulxp
frqglwlrqv1 Wklv ixoo| ghwhuplqhg fdvh lq zklfk wkh sodqqhu grhv qr jhqxlqh srolf| rswlplvdwlrq
sod|v dq lpsruwdqw uroh lq wkh iroorzlqj dqdo|vlv1 Krzhyhu/ wkh jhqhudo iudphzrun dovr dssolhv wr
fdvhv lq zklfk wkhuh duh pruh wkdq Q .4frqwuro yduldeohv/ vr wkdw lw lv srvvleoh iru wkh sodqqhu
wr xqghuwdnh vrph jhqxlqh rswlplvdwlrq1
Wkh Odjudqjhdq iru wkh sodqqhu*v vrfldo zhoiduh pd{lplvdwlrq sureohp fdq eh zulwwhq dv=





Lq +7,/ v ghqrwhv wkh yhfwru ri Odjudqjh pxowlsolhuv rq wkh jrrgv pdunhw htxloleulxp frqvwudlqwv
dqg ￿ ghqrwhv wkh Odjudqjh pxowlsolhu rq wkh iruhljq h{fkdqjh frqvwudlqw1 Wkh frqwuro yduldeohv
xvhg wr vroyh wkh sodqqhu*v sureohp duh gudzq iurp wkh iroorzlqj= w>i>q> dqg e= wkh rqo| dv0
vxpswlrq pdgh derxw wkhvh frqwuro yduldeohv lv wkdw wkh sodqqhu fdq xvh dw ohdvw Q .4ri wkhp1
D qxpehu ri srwhqwldo srolf| yduldeohv duh wdnhq dv sdudphwhuv ri wkh sodqqhu*v sureohp= wkhvh
lqfoxgh }>J> dqg ￿1 Lw lv dvvxphg wkdw d vroxwlrq wr wkh sodqqhu*v sureohp dozd|v h{lvwv/ dqg
wkdw wklv vroxwlrq dozd|v lqyroyhv wkh xvh ri vrph glvwruwlrqdu| wd{hv16 Ohw Z ￿+}>J>I,eh wkh
pd{lpxp vrfldo zhoiduh uhvxowlqj iurp d vroxwlrq wr wkh sodqqhu*v sureohp dw jlyhq ydoxhv ri }>J>
dqg I1 E| wkh hqyhorsh wkhruhp/ wkh h￿hfw ri d vpdoo fkdqjh lq d sduwlfxodu }l rq pd{lplvhg vrfldo
6 Lq sduwlfxodu/ wklv dvvxpswlrq phdqv wkdw zkdwhyhu uhyhqxh lv udlvhg iurp wd{lqj sur￿wv +d oxps0vxp wd{ lq
wklv prgho, lv lqvx!flhqw wr vdwlvi| wkh jryhuqphqw exgjhw frqvwudlqw1
8zhoiduh lv jlyhq e| wkh ghulydwlyh ri wkh Odjudqjhdq +7, zlwk uhvshfw wr }l/ kroglqj wkh frqwuro
yduldeohv dqg wkh Odjudqjh pxowlsolhuv ￿{hg dw wkh ydoxhv zklfk vroyh wkh pd{lplvdwlrq sureohp1
Khqfh wkh ydoxhv ri wkh Odjudqjh pxowlsolhuv v jlyh wkh h￿hfw rq pd{lplvhg vrfldo zhoiduh ri d
vpdoo fkdqjh lq }l/ dqg duh wkxv wkh vkdgrz sulfhv ri wkh Q jrrgv1 Vlploduo|/ wkh ydoxh ri ￿ lv wkh
vkdgrz sulfh ri iruhljq h{fkdqjh1
6 D jhqhudo uxoh iru sxeolf jrrg surylvlrq
Rqh ri wkh sdudphwhuv lq wkh sodqqhu*v vrfldo zhoiduh pd{lplvdwlrq sureohp lv J1 D vpdoo lqfuhdvh
gJ lq wkh vxsso| ri wkh sxeolf jrrg lv ghvludeoh li lw lqfuhdvhv pd{lplvhg vrfldo zhoiduh1 Wr
hydoxdwh wkh h￿hfw ri gJ rq pd{lplvhg vrfldo zhoiduh lw lv frqyhqlhqw wr uhzulwh wkh Odjudqjhdq
+7, dv iroorzv1 Vlqfh/ iurp wkh djjuhjdwh exgjhw frqvwudlqw ri krxvhkrogv/ ￿￿@s=|￿t={.
S
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H{suhvvlrq +8, fdq eh lqwhusuhwhg dv iroorzv1 Wkh frpsrqhqwv ri wkh yhfwru t ￿ v jlyh wkh gli0
ihuhqfh ehwzhhq frqvxphu dqg vkdgrz sulfhv ri jrrgv/ ru vkdgrz frqvxphu wd{hv1 Vlploduo|/ wkh
frpsrqhqwv ri wkh yhfwru v ￿ s duh vkdgrz surgxfhu wd{hv/ dqg wkrvh ri wkh yhfwru v￿￿sz duh
vkdgrz wudgh wd{hv1 Zlwk wkhvh lqwhusuhwdwlrqv/ dqg dovr dvvxplqj wkdw wkh sxeolf vhfwru wudghv
} dqg I dw vkdgrz sulfhv/ +8, jlyhv vkdgrz jryhuqphqw +qhw, uhyhqxh1 Wkxv wkh Odjudqjhdq iru
wkh sodqqhu*v sureohp fdq eh zulwwhq dv=




Dvvxph wkdw wkh sodqqhu*v sureohp kdv ehhq vroyhg/ dqg frqvlghu wkh h￿hfw ri dq lqfuhdvh gJ
rq pd{lpxp vrfldo zhoiduh/ zklfk lv qrz zulwwhq vroho| dv d ixqfwlrq ri J/ Z￿+J,1 Wkh fkdqjh
9lq vrfldo zhoiduh lv gZ ￿ @+ CZ￿@CJ,gJ/ dqg wkh lqfuhdvh lq J vkrxog wkhuhiruh eh lpsohphqwhg























zkhuh C}m@CJ ghqrwhv wkh fkdqjh lq sxeolf vhfwru lqsxw m zklfk lv uhtxluhg wr surgxfh dq lqfuhdvh






ghqrwhv krxvhkrog k*v pdujlqdo zloolqjqhvv wr sd| iru wkh sxeolf jrrg/ wkh frqglwlrq iru d vpdoo























lv wkh vrfldo pdujlqdo xwlolw| ri lqfrph/ ru zhoiduh zhljkw/ ri
krxvhkrog k1
H{suhvvlrq +;, jlyhv d jhqhudo uxoh iru ghflglqj zkhwkhu d surmhfw lqyroylqj d vpdoo lqfuhdvh
lq wkh vxsso| ri wkh sxeolf jrrg vkrxog eh dffhswhg1 Li wkh zhoiduh0zhljkwhg vxp ri krxvhkrogv*
pdujlqdo zloolqjqhvv wr sd| iru wkh sxeolf jrrg h{fhhgv wkh frvw ri wkh surmhfw dw vkdgrz sulfhv
ohvv wkh h￿hfw wkdw wkh surmhfw kdv rq vkdgrz frqvxphu wd{ uhyhqxh ehfdxvh ri frpsohphqwdulw|
ru vxevwlwxwdelolw| ehwzhhq wkh sxeolf jrrg dqg krxvhkrog ghpdqgv iru sulydwh jrrgv/ wkhq wkh
surmhfw vkrxog eh xqghuwdnhq1 Wklv uxoh lv frpsohwho| jhqhudo= lw dssolhv erwk wr wkh ixoo| ghwhu0
plqhg fdvh/ lq zklfk wkh sodqqhu kdv qr ghjuhhv ri iuhhgrp lq srolf| fkrlfh/ dqg wr fdvhv zkhuh wkh
sodqqhu lv deoh wr gr vrph jhqxlqh srolf| rswlplvdwlrq1 Wkh uxoh grhv qrw uhtxluh dq| dvvxpswlrqv
derxw frqvwdqw uhwxuqv wr vfdoh ru ixoo wd{dwlrq ri sur￿wv iurp sulydwh vhfwru surgxfwlrq1 Wr ghflgh
zkhwkhu wr lqfuhdvh sxeolf jrrg surylvlrq/ lw lv qhfhvvdu| wr hvwlpdwh wkh zhoiduh0zhljkwhg gluhfw
h￿hfw ri vxfk surylvlrq/ lq whupv ri krxvhkrogv* pdujlqdo zloolqjqhvv wr sd|/ dqg wkh ryhudoo h￿hfw
ri wkh lqfuhdvhg surylvlrq rq vkdgrz jryhuqphqw uhyhqxh1 Rqo| wkh odwwhu h￿hfw lv xqidploldu/ dqg
vr wkh uhpdlqghu ri wkh sdshu frqfhqwudwhv rq lw1
:7 Wkh jhqhudo uxoh dqg wkh pdujlqdo frvw ri sxeolf ixqgv
Wkh jhqhudo frvw0ehqh￿w uxoh iru sxeolf jrrg surylvlrq uhsuhvhqwhg e| h{suhvvlrq +;, grhv qrw
h{solflwo| lqyroyh wkh pdujlqdo frvw ri sxeolf ixqgv +PFI,1 Lq rughu wr xqghuvwdqg wkh uhodwlrqvkls
ehwzhhq wklv jhqhudo uxoh dqg frvw0ehqh￿w uxohv zklfk gr h{solflwo| lqyroyh wkh PFI/ wzr vshfldo
fdvhv ri wkh jhqhudo uxoh duh glvfxvvhg lq ghwdlo lq wklv vhfwlrq1 Wkhuh lv dovr d eulhi frqvlghudwlrq
ri zkhwkhu d xvhixo jhqhudo gh￿qlwlrq ri wkh PFI h{lvwv1
714 Wkh Dwnlqvrq0Vwhuq uxoh
Vxssrvh wkdw doo sulydwh jrrgv duh qrq0wudghg/ dqg wkdw doo K krxvhkrogv duh lghqwlfdo1 Vxssrvh
dovr wkdw/ xqghu d vxlwdeoh qrupdolvdwlrq uxoh/ vkdgrz sulfhv ri sulydwh jrrgv/ v/ duh htxdo wr wkhlu
surgxfhu sulfhv s17 Xqghu wkhvh dvvxpswlrqv/ wkh vrfldo zhoiduh ixqfwlrq ehfrphv Kyk+t>e>J,/




































Dffruglqj wr +<,/ lq wklv vshfldo fdvh d vpdoo lqfuhdvh lq wkh sxeolf jrrg udlvhv vrfldo zhoiduh li
wkh vxp ri wkh lghqwlfdo krxvhkrogv* pdujlqdo zloolqjqhvv wr sd| iru wkh lqfuhdvh h{fhhgv wkh qhw
dfwxdo uhyhqxh frvw ri wkh lqfuhdvh dgmxvwhg e| d idfwru 4@
￿
Cyk@Cpk￿
1 Wklv dgmxvwphqw idfwru
lv uhtxluhg iru sxeolf vhfwru uhyhqxh wr eh frpsdudeoh zlwk wkh lghqwlfdo krxvhkrogv* pdujlqdo
zloolqjqhvv wr sd| zkhq pdnlqj vrfldo zhoiduh fdofxodwlrqv/ dqg lw fruuhvsrqgv wr wkh PFI dv
gh￿qhg e| Dwnlqvrq dqg Vwhuq +4<:7,1
7 Wkhuh duh wzr vhwv ri vx!flhqw frqglwlrqv iru vkdgrz dqg surgxfhu sulfhv wr frlqflgh1 Rqh lv wkdw wkhuh vkrxog
eh frqvwdqw uhwxuqv wr vfdoh lq surgxfwlrq/ rqo| rqh qrq0surgxfhg lqsxw/ dqg qr mrlqw surgxfwlrq1 Wkh rwkhu lv
wkdw doo ￿qdo frqvxpswlrq jrrgv fdq eh wd{hg/ wkh wd{hv rq wkhvh jrrgv vkrxog eh vhw rswlpdoo|/ dqg sulydwh vhfwru
surgxfwlrq vkrxog lqyroyh hlwkhu frqvwdqw ru ghfuhdvlqj uhwxuqv wr vfdoh/ zlwk dq| sulydwh vhfwru sur￿wv ehlqj ixoo|
wd{hg1
;Wr vhh wklv/ qrwh wkdw dq| vroxwlrq wr wkh sodqqhu*v sureohp lv dvvxphg wr lqyroyh wkh xvh ri
vrph glvwruwlrqdu| wd{hv1 Lq dq hfrqrp| ri lghqwlfdo krxvhkrogv/ sulydwh vhfwru sur￿wv vkrxog
eh ixoo| wd{hg/ vr wkh xvh ri glvwruwlrqdu| wd{hv lq dgglwlrq wr wd{hv rq sur￿wv lpsolhv wkdw wkh
frqvwudlqw wkdw sulydwh sur￿wv fdqqrw eh wd{hg dw d udwh deryh 433( elqgv1 Frqvhtxhqwo|/ iru

















Cpk ? 3 +43,
















Cpk ? 4 +44,
Iurp +44,/ d vx!flhqw frqglwlrq iru 4@
￿
Cyk@Cpk￿







frqglwlrq lv h{dfwo| wkh vx!flhqw frqglwlrq Dwnlqvrq dqg Vwhuq ghulyh iru wkh PFI wr eh juhdwhu






fdqqrw eh xqdpeljxrxvo| vljqhg/8 vr wkdw wkhuh
lv qr suhvxpswlrq wkdw wkh dgmxvwphqw idfwru zklfk kdv wr eh dssolhg wr wkh qhw dfwxdo uhyhqxh frvw
ri wkh h{wud sxeolf jrrg lq +<, lv dozd|v juhdwhu wkdq rqh1 Wr xqghuvwdqg wkh lqwxlwlrq ehklqg wklv
uhvxow/ lw lv lpsruwdqw wr uhfrjqlvh wkdw wkh lqfuhdvhg wd{dwlrq uhtxluhg wr ￿qdqfh wkh dgglwlrqdo







A 3/ wkhq wd{hg jrrgv duh qrupdo rq dyhudjh +zhljkwhg e| wd{
8 D vx!flhqw frqglwlrq iru wklv whup wr eh srvlwlyh lv wkdw doo wd{hg jrrgv duh qrupdo1
<udwhv,/ vr wkdw wklv lqfrph h￿hfw orzhuv dfwxdo uhyhqxh dw jlyhq wd{ udwhv1 Vlqfh wkh vxevwlwxwlrq
h￿hfwv ri wd{dwlrq lpsrvh h!flhqf| frvwv/ wkh lqfrph h￿hfw lq wklv fdvh uhvxowv lq wkh PFI ehlqj






? 3/ wkhq wkh lqfrph h￿hfw udlvhv dfwxdo uhyhqxh
dw jlyhq wd{ udwhv1 Li wklv whup lv vx!flhqwo| qhjdwlyh/ vr wkdw wd{hg jrrgv duh vx!flhqwo| lqihulru
rq dyhudjh/ wkh lqfrph h￿hfw lv vwurqj hqrxjk wr rxwzhljk wkh vxevwlwxwlrq h￿hfwv zklfk lpsrvh
h!flhqf| frvwv/ dqg khqfh wkh PFI lv ohvv wkdq rqh1
715 Wkh Vdqgpr uxoh
Wkh vshfldo fdvh ri wkh suhylrxv vxe0vhfwlrq devwudfwv iurp gl￿huhqfhv ehwzhhq krxvhkrogv lq
rughu wr vkrz wkdw/ hyhq zkhq h!flhqf| lv wkh vroh frqvlghudwlrq/ wkh PFI lv qrw qhfhvvdulo|
juhdwhu wkdq rqh zkhq uhyhqxh lv udlvhg e| glvwruwlrqdu| wd{dwlrq1 Exw wkh pdlq uhdvrq zk|
glvwruwlrqdu| wd{hv h{lvw lv wkdw glvwulexwlrq pdwwhuv/ vr wkdw sudfwlfdo frvw0ehqh￿w uxohv iru sxeolf
jrrg surylvlrq pxvw wdnh dffrxqw ri glvwulexwlrqdo remhfwlyhv1 Vxssrvh/ wkhuhiruh/ wkdw wkh vshfldo
fdvh ri wkh suhylrxv vxe0vhfwlrq lv prgl￿hg wr doorz iru gl￿huhqfhv dprqj wkh K krxvhkrogv= lq
sduwlfxodu/ ohw krxvhkrogv gl￿hu lq wkh dprxqw ri h￿hfwlyh oderxu wkh| fdq vxsso| e| zrunlqj iru
rqh krxu1 Ixuwkhupruh/ vxssrvh wkdw wkh rqo| wd{ lv d frqvwdqw pdujlqdo wd{ udwh w rq oderxu
lqfrph/ zklfk ￿qdqfhv wkh xqlirup wudqvihu e dqg wkh sxeolf jrrg1 Wkh rwkhu dvvxpswlrqv ri wkh
suhylrxv vxe0vhfwlrq duh pdlqwdlqhg= doo sulydwh jrrgv duh qrq0wudghg/ dqg wkh vkdgrz sulfhv ri
sulydwh jrrgv htxdo surgxfhu sulfhv1
Ohw jrrg o eh oderxu/ dqg ohw zk eh wkh krxuo| suh0wd{ zdjh udwh ri krxvhkrog k/ zklfk lv
wkh surgxfhu sulfh +dqg khqfh wkh vkdgrz sulfh, ri dq krxu*v oderxu vxssolhg e| krxvhkrog k19
Wkh frqvxphu sulfh ri dq krxu*v oderxu vxssolhg e| krxvhkrog k lv tk @+ 4￿w , z k / dqg wkxv


















9 Li krxvhkrog ￿ vxssolhv ￿ xqlwv ri h￿hfwlyh oderxu lq rqh krxu/ ￿￿ ’ ￿R,/ zkhuh R, lv wkh frqvwdqw surgxfhu
sulfh ri d xqlw ri h￿hfwlyh oderxu1
43Ohw ￿ @+ 4 @K,
SK
k@4 ￿
k eh wkh dyhudjh vrfldo pdujlqdo xwlolw| ri lqfrph1 Xvlqj wklv gh￿qlwlrq/

























H{suhvvlrq +46, lv d voljkw jhqhudolvdwlrq ri wkh frqglwlrq jlyhq e| Vdqgpr +4<<;, iru sxeolf jrrg
surylvlrq lq d prgho zkhuh krxvhkrogv gl￿hu lq wkhlu delolw| wr vxsso| h￿hfwlyh oderxu dqg wkhuh lv
d olqhdu lqfrph wd{1: Lq wklv vshfldo fdvh d vpdoo lqfuhdvh lq wkh sxeolf jrrg udlvhv vrfldo zhoiduh
li K wlphv wkh pdujlqdo zloolqjqhvv wr sd| ri d vrfldoo| uhsuhvhqwdwlyh frqvxphu/ gh￿qhg e| xvlqj
vrfldo pdujlqdo xwlolwlhv ri lqfrph dv zhljkwv/ h{fhhgv wkh qhw dfwxdo uhyhqxh frvw ri wkh lqfuhdvh
dgmxvwhg e| d idfwru 4@￿1 Wklv dgmxvwphqw idfwru fruuhvsrqgv wr Vdqgpr*v gh￿qlwlrq ri wkh PFI1
Vdqgpr vkrzv wkdw/ lq fhuwdlq flufxpvwdqfhv/ klv gh￿qlwlrq ri wkh PFI zloo eh vwulfwo| ohvv
wkdq rqh1 Wr vhh wklv lq wkh frqwh{w ri +46,/ qrwh wkdw/ iurp +9,/ wkh Odjudqjhdq iru wkh sodqqhu*v
sureohp fdq eh zulwwhq dv O+=,@Z + = ,.U v/ zkhuh Uv ghqrwhv vkdgrz uhyhqxh1 Khqfh li wkh
xqlirup oxps0vxp wudqvihu e lv d frqwuro yduldeoh iru wkh sodqqhu*v sureohp/ wkh ￿uvw0rughu frqgl0




















Li ohlvxuh lv d qrupdo jrrg/ C{k
o @Cpk A 3/ dqg khqfh ￿A4 / vr wkdw 4@￿/ wkh PFI/ lv ohvv wkdq rqh1
Wkh lqwxlwlrq ehklqg wklv uhvxow lv dv iroorzv1 Zkhq dgglwlrqdo sxeolf jrrg surylvlrq lv ￿qdqfhg
: Wkh uhohydqw frqglwlrq lv htxdwlrq +48, lq Vdqgpr*v sdshu/ zklfk fkdudfwhulvhv rswlpdo sxeolf jrrg surylvlrq1
; Wklv grhv qrw lpso| wkdw wkh sodqqhu lv qhfhvvdulo| deoh wr xqghuwdnh jhqxlqh srolf| rswlplvdwlrq zlwk uhvshfw
wr K= lw lv dovr frqvlvwhqw zlwk wkh fdvh lq zklfk wkh ydoxhv ri wkh frqwuro yduldeohv duh ixoo| ghwhuplqhg e| wkh
htxloleulxp frqglwlrqv1 Wkh lqwhusuhwdwlrq ri wklv vhfrqg fdvh lv wkdw jryhuqphqw exgjhw edodqfh lv pdlqwdlqhg
zkhq wkhuh lv dq lqfuhdvh lq sxeolf jrrg surylvlrq e| d uhgxfwlrq lq wkh xqlirup oxps0vxp wudqvihu1
44e| d uhgxfwlrq lq wkh xqlirup oxps0vxp wudqvihu/ wkh PFI zloo eh ohvv wkdq rqh li wkh uhgxfwlrq
lq wkh wudqvihu kdv d srvlwlyh lqfrph h￿hfw rq oderxu vxsso|/ ehfdxvh ri wkh qhjdwlyh vxevwlwxwlrq
h￿hfw rq oderxu vxsso| gxh wr wkh pdujlqdo lqfrph wd{ udwh1
Dowkrxjk +46, lv d frvw0ehqh￿w uxoh iru sxeolf jrrg surylvlrq lq zklfk wkh pdujlqdo vrfldo frvw
ri vxfk surylvlrq lv h{suhvvhg dv wkh h￿hfw rq dfwxdo qhw uhyhqxh dgmxvwhg e| d vxlwdeo|0gh￿qhg
PFI/ lw lv qrw fohdu wkdw wkh uxoh jlyhq e| +46, r￿huv dq| dgydqwdjhv ryhu wkh uxoh jlyhq e|
+45,/ zklfk lv vlpso| wkh jhqhudo uxoh +;, dgdswhg wr wkh vshfldo fdvh ri wklv vxe0vhfwlrq1 Lq +45,
wkh pdujlqdo vrfldo frvw ri wkh sxeolf jrrg lv jlyhq e| wkh qhw h￿hfw rq dfwxdo uhyhqxh/ zlwk
qr dgmxvwphqw e| wkh PFI/ dqg wklv lv frpsduhg wr wkh vxp ri krxvhkrogv* zhoiduh0zhljkwhg
pdujlqdo zloolqjqhvv wr sd|1 Lq +46, wkh pdujlqdo vrfldo frvw ri wkh sxeolf jrrg lv jlyhq e| wkh
qhw h￿hfw rq dfwxdo uhyhqxh dgmxvwhg e| wkh PFI/ dqg wklv lv frpsduhg wr K wlphv wkh pdujlqdo
zloolqjqhvv wr sd| ri d vrfldoo| uhsuhvhqwdwlyh frqvxphu1 Krzhyhu/ wkh gh￿qlwlrq ri wkh vrfldoo|
uhsuhvhqwdwlyh frqvxphu lq +46, uhtxluhv nqrzohgjh ri doo krxvhkrogv* zhoiduh0zhljkwhg pdujlqdo
zloolqjqhvv wr sd|/ vr wkh xvh ri wkh PFI dv sduw ri wkh frvw phdvxuh lq +46, grhv qrw ohdg wr dq|
r￿vhwwlqj uhgxfwlrq lq wkh lqirupdwlrq uhtxluhg iru wkh ehqh￿w phdvxuh lq frpsdulvrq zlwk +45,1
716 Wkh pdujlqdo frvw ri sxeolf ixqgv lq wkh jhqhudo fdvh
Erwk wkh Dwnlqvrq0Vwhuq uxoh dqg wkh Vdqgpr uxoh iru sxeolf jrrg surylvlrq wdnh wkh irup ri d
frpsdulvrq ri vrph ryhudoo phdvxuh ri pdujlqdo zloolqjqhvv wr sd| iru wkh sxeolf jrrg zlwk dq
dgmxvwhg phdvxuh ri wkh qhw dfwxdo uhyhqxh frvw ri wkh dgglwlrqdo sxeolf jrrg1 Wkh dgmxvwphqw
idfwru lv wkh PFI/ dqg fdq eh hlwkhu juhdwhu ru ohvv wkdq rqh1 Krzhyhu/ erwk wkh uxohv ghshqg
rq wkh dvvxpswlrq wkdw vkdgrz sulfhv duh/ xqghu d vxlwdeoh qrupdolvdwlrq/ htxdo wr surgxfhu
sulfhv1 Li wklv dvvxpswlrq grhv qrw krog/ dqg/ dv qrwhg deryh/ wkh frqglwlrqv xqghu zklfk vkdgrz
dqg surgxfhu sulfhv frlqflgh duh vwulqjhqw/ wkh uhyhqxh h￿hfwv zklfk kdyh wr eh frqvlghuhg zkhq
ghflglqj zkhwkhu wr lqfuhdvh wkh surylvlrq ri d sxeolf jrrg duh wkrvh rq vkdgrz/ qrw dfwxdo/
uhyhqxh1 Lw lv fohdu wkdw/ lq wkh jhqhudo fdvh/ wkh qhw vkdgrz uhyhqxh frvw ri sxeolf jrrg surylvlrq
45fdq dozd|v eh h{suhvvhg dv wkh qhw dfwxdo uhyhqxh frvw dgmxvwhg e| d vxlwdeo|0gh￿qhg PFI/
qdpho| wkh qhw fkdqjh lq vkdgrz uhyhqxh gxh wr wkh dgglwlrqdo sxeolf jrrg surylvlrq glylghg
e| wkh qhw fkdqjh lq dfwxdo uhyhqxh gxh wr vxfk surylvlrq1 Krzhyhu/ wklv gh￿qlwlrq ri wkh PFI
uhtxluhv nqrzohgjh ri wkh frvw ri surylvlrq dw vkdgrz sulfhv ohvv wkh h￿hfw wkdw surylvlrq kdv
rq vkdgrz frqvxphu wd{ uhyhqxh1 Frqvhtxhqwo| wkhuh lv qrwklqj wr eh jdlqhg e| phdvxulqj wkh
pdujlqdo vrfldo frvw ri sxeolf jrrg surylvlrq lq wklv zd| udwkhu wkdq dv wkh qhw h￿hfw ri sxeolf
jrrg surylvlrq rq vkdgrz uhyhqxh/ dv lq wkh jhqhudo uxoh +;,1
8 Lpsohphqwlqj wkh jhqhudo uxoh
Wkh suhylrxv vhfwlrq glvfxvvhg wkh uhodwlrqvkls ehwzhhq wkh jhqhudo uxoh iru sxeolf jrrg surylvlrq
jlyhq e| +;, dqg uxohv lqyroylqj wkh PFI/ dqg dujxhg wkdw uxohv lqyroylqj wkh PFI glg qrw kdyh
dq| dgydqwdjhv ryhu wkh jhqhudo uxoh1 Wklv vhfwlrq frqvlghuv wkh sureohpv ri lpsohphqwlqj wkh
jhqhudo uxoh lq sudfwlfh1
Vxssrvh/ dv lq vhfwlrq 5/ wkdw W+?Q ,ri wkh sulydwh jrrgv duh wudghg dw jlyhq zruog sulfhv
sz1 Frqvlghu wkh ixoo| ghwhuplqhg fdvh lq zklfk wkh sodqqhu kdv rqo| Q .4frqwuro yduldeohv
zlwk zklfk wr vroyh wkh vrfldo zhoiduh pd{lplvdwlrq sureohp1 Ohw W ri wkhvh frqwuro yduldeohv
eh wkh qhw lpsruwv ri wudghg jrrgv qw/ w @4 >===>W/ dqg ohw wkh uhpdlqlqj Q .4￿W frqwuro
yduldeohv eh d vxevhw ri wkh surgxfhu sulfhv1 Lq wklv fdvh/ wkh ydoxhv ri wkh frqwuro yduldeohv
duh ghwhuplqhg e| wkh Q .4htxloleulxp frqglwlrqv +4, dqg +5,/ zkloh wkh ￿uvw rughu frqglwlrqv
rewdlqhg e| gl￿huhqwldwlqj wkh Odjudqjhdq +7, zlwk uhvshfw wr wkh frqwuro yduldeohv ghwhuplqh wkh
ydoxhv ri wkh Odjudqjh pxowlsolhuv/ zklfk duh htxdo wr wkh vkdgrz sulfhv ri sulydwh jrrgv dqg
iruhljq h{fkdqjh1
Wkh ￿uvw0rughu frqglwlrqv iru wkh qhw lpsruwv ri wudghg jrrgv duh
vw ￿ ￿sz
w @3 w@4 >===>W
46dqg wkxv wkh vkdgrz sulfhv ri wudghg sulydwh jrrgv duh htxdo wr wkhlu zruog sulfhv pxowlsolhg e|
































zkhuh w @4 >===>W ghqrwhv wudghg jrrgv dqg n @ W .4 >===>Q ghqrwhv qrq0wudghg jrrgv1
Vxssrvh ￿uvw wkdw C{n@CJ @ C}n@CJ @3 /n@W.4 >===>Q/ vr wkdw d vpdoo lqfuhdvh lq
wkh sxeolf jrrg kdv qr h￿hfwv rq krxvhkrog qhw ghpdqgv iru qrq0wudghg jrrgv ru sxeolf vhfwru
ghpdqgv iru lqsxwv ri qrq0wudghg jrrgv1 Vlqfh/ iru wudghg jrrgv/ tw @ hsz








































Wklv vwdwhv wkdw d vpdoo lqfuhdvh lq wkh sxeolf jrrg lqfuhdvhv vrfldo zhoiduh li wkh zhoiduh0zhljkwhg
vxp ri krxvhkrogv* pdujlqdo zloolqjqhvv wr sd| iru wkh sxeolf jrrg h{fhhgv wkh gluhfw frvw ri wkh
sxeolf jrrg frpsxwhg xvlqj wkh grphvwlf fxuuhqf| ydoxh ri zruog sulfhv ohvv dq| lqgxfhg h￿hfwv rq
dfwxdo frqvxphu dqg wudgh wd{ uhyhqxh uhvxowlqj iurp frpsohphqwdulw| ru vxevwlwxwdelolw| ehwzhhq
wkh sxeolf jrrg dqg krxvhkrog ghpdqgv iru sulydwh jrrgv1
Li wkh pdunhw dqg vkdgrz h{fkdqjh udwhv gl￿hu/ wkhq/ iurp +49,/ wkh uxoh iru sxeolf jrrg
surylvlrq lv d olwwoh pruh frpsoh{1 Wkh gluhfw frvw ri wkh sxeolf jrrg pxvw qrz eh ydoxhg dw
zruog sulfhv dgmxvwhg e| wkh vkdgrz ydoxh ri iruhljq h{fkdqjh/ dqg wkh h￿hfwv uhvxowlqj iurp
frpsohphqwdulw| ru vxevwlwxwdelolw| ehwzhhq wkh sxeolf jrrg dqg krxvhkrog ghpdqgv iru sulydwh
jrrgv pxvw qrz lqfoxgh wkh ydoxh dw zruog sulfhv ri wkh lqgxfhg fkdqjhv lq krxvhkrog ghpdqgv
dgmxvwhg iru wkh gl￿huhqfh ehwzhhq wkh pdunhw dqg wkh vkdgrz h{fkdqjh udwhv1
47H{suhvvlrqv +49, dqg +4:, vkrz wkdw lw lv srvvleoh wr rewdlq dssolfdeoh uxohv iru sxeolf jrrg
surylvlrq zlwkrxw kdylqj wr pdnh dq| dvvxpswlrqv derxw jhqxlqh srolf| rswlplvdwlrq rq wkh sduw
ri wkh sodqqhu ru vwurqj dvvxpswlrqv derxw wkh uhodwlrqvkls ehwzhhq vkdgrz dqg surgxfhu sulfhv1
Wkh dvvxpswlrqv uhtxluhg wr ghulyh +49, dqg +4:, duh/ ￿uvw/ wkdw wkh hfrqrp| wudghv sulydwh jrrgv
dw jlyhq zruog sulfhv> vhfrqg/ wkdw dq htxloleulxp h{lvwv iru dq| jlyhq ydoxhv ri lqgluhfw wd{hv/
wudgh wd{hv/ wkh xqlirup wudqvihu wr krxvhkrogv/ wkh sur￿wv wd{ rq sulydwh vhfwru surgxfhuv/ sxeolf
vhfwru qhw vxssolhv ri sulydwh jrrgv/ dqg wkh sxeolf jrrg> dqg wklug/ wkdw d vpdoo fkdqjh lq wkh
vxsso| ri wkh sxeolf jrrg kdv qr h￿hfwv rq krxvhkrog qhw ghpdqgv iru qrq0wudghg jrrgv ru sxeolf
vhfwru ghpdqgv iru lqsxwv ri qrq0wudghg jrrgv1 Wkh prvw uhvwulfwlyh ri wkhvh dvvxpswlrqv lv wkh
wklug rqh/ zklfk zloo eh glvfxvvhg vkruwo|1 Ehiruh grlqj vr/ krzhyhu/ lw lv zruwk hpskdvlvlqj wkdw
wkh dvvxpswlrq wkdw wkh zruog sulfhv ri wudghg jrrgv duh h{rjhqrxvo| jlyhq lv d uhdvrqdeoh rqh
iru pdq| hfrqrplhv/ dqg wkdw +49, dqg +4:, gr qrw uhtxluh wkdw vkdgrz sulfhv htxdo surgxfhu
sulfhv/ vr wkdw wkhuh lv qr qhhg wr pdnh dq| dvvxpswlrqv derxw wkh rswlpdo wd{dwlrq ri doo ￿qdo
frqvxpswlrq jrrgv dqg wkh devhqfh ri sur￿wv lq krxvhkrog exgjhw frqvwudlqwv1 Lw lv dovr zruwk
srlqwlqj rxw wkdw wkhuh lv qr qhhg iru dq| frqfhsw ri wkh pdujlqdo frvw ri sxeolf ixqgv lq wkhvh
uxohv= dowkrxjk h￿hfwv rq dfwxdo uhyhqxh hqwhu lqwr wkh uxohv/ wkh| gr vr zlwkrxw dq| dgmxvwphqw1
Wkh dvvxpswlrq wkdw vpdoo fkdqjhv lq wkh vxsso| ri wkh sxeolf jrrg kdyh qr h￿hfwv rq krxvhkrog
qhw ghpdqgv iru qrq0wudghg jrrgv ru sxeolf vhfwru ghpdqgv iru lqsxwv ri qrq0wudghg jrrgv/ rq
zklfk +49, dqg +4:, ghshqg/ lv fohduo| lpsodxvleoh/ dqg uhod{lqj lw ohdgv wr d pruh frpsolfdwhg
uxoh iru sxeolf jrrg surylvlrq1 Iurp +48, lw lv fohdu wkdw wkh gluhfw frvw ri wkh sxeolf jrrg pxvw
qrz lqfoxgh wkh whupv ￿
SQ
n@W.4 vnC}n@CJ/ zklfk jlyh wkh frvw/ dw vkdgrz sulfhv/ ri wkh qrq0
wudghg lqsxwv uhtxluhg wr lqfuhdvh wkh surgxfwlrq ri wkh sxeolf jrrg1 Ixuwkhupruh/ wkh lqgxfhg
h￿hfwv vxewudfwhg iurp wkh gluhfw frvw pxvw lqfoxgh wkh whupv
SQ
n@W.4 +tn ￿ vn,C{n@CJ/ zklfk
jlyh wkh h￿hfwv rq vkdgrz frqvxphu wd{ uhyhqxh gxh wr fkdqjhv lq krxvhkrog ghpdqgv iru qrq0
wudghg jrrgv uhvxowlqj iurp wkh lqfuhdvh lq wkh vxsso| ri wkh sxeolf jrrg1 Dowkrxjk wkhuh duh
48vshfldo fdvhv lq zklfk wkhvh dgglwlrqdo whupv fruuhvsrqg wr fkdqjhv lq dfwxdo jryhuqphqw uhyhqxh/
wkhvh duh ri olplwhg xvh lq sudfwlfh/ vlqfh wkh| uhtxluh wkh dvvxpswlrq ri d juhdw ghdo ri srolf|
rswlplvdwlrq e| wkh sodqqhu1< Wkh sudfwlfdo dssolfdwlrq ri wkhvh uxohv zloo w|slfdoo| uhtxluh wkdw
wkh vkdgrz sulfhv ri qrq0wudghg jrrgv eh hvwlpdwhg/ dqg xvhg wr frpsxwh wkh frvw ri wkh lqfuhdvhg
qrq0wudghg lqsxwv dqg wkh h￿hfwv rq vkdgrz frqvxphu wd{ uhyhqxh iurp qrq0wudghg jrrgv1 Wkh
hvwlpdwlrq ri vkdgrz sulfhv iru qrq0wudghg jrrgv lv qrw/ lq jhqhudo/ vwudljkwiruzdug/ exw qhlwkhu
lv lw lpsrvvleoh/ vr wklv jhqhudo uxoh iru sxeolf jrrg surylvlrq fdq eh xvhg hyhq zkhq wkh lqfuhdvh
lq wkh sxeolf jrrg kdv lpsolfdwlrqv iru qrq0wudghg lqsxwv dqg ghpdqg iru qrq0wudghg jrrgv143
Rqh ￿qdo frpsolfdwlrq zklfk pxvw eh phqwlrqhg frqfhuqv wkh srvvlelolw| wkdw vrph sulydwh
jrrgv duh qrw wudghg dw jlyhq sulfhv1 Li wkh hfrqrp| lv deoh wr lq xhqfh zruog sulfhv iru vrph
wudghg jrrgv e| wkh dprxqwv lw wudghv/ wkhq wkh vkdgrz sulfhv ri wkhvh wudghg jrrgv zloo gl￿hu
iurp zruog sulfhv/ dqg wkh| zloo qrw/ lq jhqhudo/ eh jlyhq e| wkh pdujlqdo frvw ri dq lpsruw
ru wkh pdujlqdo uhyhqxh iurp dq h{sruw1 Dv zlwk wkh vkdgrz sulfhv ri qrq0wudghg jrrgv/ wkh
vkdgrz sulfhv ri wkhvh wudghg jrrgv zloo kdyh wr eh hvwlpdwhg lq d zd| zklfk lv qhlwkhu zkroo|
vwudljkwiruzdug qru lpsrvvleoh1
Wkh dqdo|vlv lq wklv vhfwlrq kdv vkrzq wkdw jhqhudoo| ydolg dqg dssolfdeoh uxohv iru sxeolf
jrrg surylvlrq gr h{lvw xqghu uhdvrqdeoh frqglwlrqv/ dqg wkdw/ wr vrph h{whqw/ wkhvh uxohv fdq eh
h{suhvvhg lq whupv ri h￿hfwv rq dfwxdo jryhuqphqw uhyhqxh1 Surylghg wkdw wkh hfrqrp| wudghv
sulydwh jrrgv dw jlyhq zruog sulfhv/ wkh vkdgrz sulfhv iru wudghg jrrgv fdq eh uhodwhg wr zruog
pdunhw sulfhv zlwkrxw pdnlqj dq| dvvxpswlrqv derxw jhqxlqh srolf| rswlplvdwlrq/ dqg khqfh wkh
h￿hfwv rq vkdgrz uhyhqxh dulvlqj iurp fkdqjhv lq wudghg jrrgv fdq eh h{suhvvhg lq whupv ri
dfwxdo frqvxphu dqg wudgh wd{hv1 Dowkrxjk pdwwhuv duh ohvv vwudljkwiruzdug dv idu dv qrq0wudghg
< Iru h{dpsoh/ li doo frqvxphu dqg wudgh wd{hv duh vhw rswlpdoo|/ dqg wkhuh duh qr sur￿wv lq krxvhkrog exgjhw
frqvwudlqwv/ wkhq wkh vkdgrz sulfhv ri doo sulydwh jrrgv/ wudghg dqg qrq0wudghg/ duh htxdo wr surgxfhu sulfhv/ vr
wkdw wkhvh h{wud whupv fruuhvsrqg wr wkh frvw ri wkh lqfuhdvhg qrq0wudghg lqsxwv uhtxluhg dqg wkh fkdqjh lq dfwxdo
frqvxphu wd{ uhyhqxh iurp qrq0wudghg jrrgv1
43 D odujh olwhudwxuh h{lvwv rq wkh hvwlpdwlrq ri vkdgrz sulfhv iru qrq0wudghg jrrgv1 Olwwoh dqg Pluuohhv +4<<3,
frqwdlqv d vkruw dffrxqw ri wkh pdlq lvvxhv dqg gl!fxowlhv1
49jrrgv/ ru jrrgv zklfk duh qrw wudghg dw jlyhq zruog sulfhv/ duh frqfhuqhg/ wklv grhv qrw dowhu wkh
frqfoxvlrq wkdw dssolfdeoh jhqhudo uxohv iru sxeolf jrrg surylvlrq h{lvw1 Ixuwkhupruh/ wkhvh uxohv
gr qrw uhtxluh wkh frqfhsw ri wkh pdujlqdo frvw ri sxeolf ixqgv1 Wkh ohvvrq wr eh gudzq lv wkdw wkh
lpsruwdqw sudfwlfdo sureohpv lqyroyhg lq lpsohphqwlqj d jhqhudoo| ydolg phdvxuh ri wkh pdujlqdo
vrfldo frvw ri sxeolf jrrg surylvlrq frqfhuq wkh hvwlpdwlrq ri vkdgrz sulfhv iru qrq0wudghg jrrgv
dqg jrrgv zklfk duh qrw wudghg dw h{rjhqrxv zruog sulfhv/ udwkhu wkdq wkh hvwlpdwlrq ri wkh
pdujlqdo frvw ri sxeolf ixqgv1
9F r q f o x v l r q
Wklv sdshu kdv vkrzq wkdw d frpsdulvrq ri wkh dssursuldwho|0zhljkwhg vxp ri krxvhkrogv* pdujlqdo
zloolqjqhvv wr sd| iru d sxeolf jrrg zlwk wkh qhw h￿hfw ri wkh pdujlqdo lqfuhdvh lq wkh vxsso| ri wkh
sxeolf jrrg rq vkdgrz jryhuqphqw uhyhqxh lv d jhqhudoo| ydolg frvw0ehqh￿w uxoh iru sxeolf jrrg
surylvlrq lq hfrqrplhv zlwk glvwruwlrqdu| wd{dwlrq1 Wklv uxoh grhv qrw ghshqg rq dq| dvvxpswlrq
wkdw h{lvwlqj srolf| lv rswlpdo1 Ixuwkhupruh/ li wkh hfrqrp| wudghv jrrgv dw jlyhq zruog sulfhv/
pxfk ri wkh phdvxuhphqw ri wkh qhw h￿hfw ri lqfuhdvhg sxeolf jrrg surylvlrq rq vkdgrz jryhuq0
phqw uhyhqxh fdq eh grqh vwudljkwiruzdugo| lq whupv ri h￿hfwv rq dfwxdo jryhuqphqw uhyhqxh1 Wkh
sudfwlfdo sureohpv lq phdvxulqj wkh qhw h￿hfw rq vkdgrz uhyhqxh lqyroyh wkh qhhg wr hvwlpdwh
vkdgrz sulfhv ri qrq0wudghg jrrgv dqg jrrgv zklfk duh qrw wudghg dw jlyhq zruog sulfhv1 Wklv
lpsolhv wkdw/ lq rughu wr phdvxuh wkh pdujlqdo vrfldo frvw ri d sxeolf jrrg lq sudfwlfh/ hvwlpdwhv
ri wkhvh vkdgrz sulfhv duh uhtxluhg/ udwkhu wkdq hvwlpdwhv ri wkh pdujlqdo frvw ri sxeolf ixqgv1
Wkh odwwhu/ dv wklv sdshu kdv vkrzq/ lv qhlwkhu uhtxluhg wr phdvxuh wkh pdujlqdo vrfldo frvw ri d
sxeolf jrrg qru jhqhudoo| ydolg dv d frpsrqhqw ri wklv frvw1
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